Introduction {#s0005}
============

Disorders of sexual development (DSD) pose a unique challenge, both diagnostically and in terms of acute and longer-term management [@b0005; @b0010]. The wide spectrum of the clinical presentation of DSD is another aspect, and the interval of detection from the antenatal period into childhood or adolescence is also a factor to consider. Social, cultural and economic variables can also influence the attitudes of the parents for gender preference of a newborn or child with DSD. In any case, the situation is a difficult and stressful experience for both parents and the healthcare professionals, especially if there is a discordance between the genetic, gonadal and phenotypic sexual characteristics, and expectations [@b0015].

There are variations in the management of DSD, not only between different continents and cultures, but also within countries, and to a certain extent among centres in the same country [@b0020; @b0025; @b0030]. In this review we describe our experience and detail the various approaches to certain forms of DSD, within the cultural context.

Initial diagnosis and disclosure of information {#s0010}
===============================================

It is now generally agreed that all children born with ambiguous external genitalia should be assigned a social gender as soon as possible, supported by the initial laboratory findings. However, these laboratory findings might only reveal the major pieces of a puzzling picture. Controversies on the evaluation of the final picture might occur between the families and the related healthcare providers, and even among the medical professionals. Also, the surgical treatment of an infant or child with DSD is highly controversial, as the consent of the person affected cannot be obtained directly.

The initial diagnosis of DSD must be made by a multidisciplinary team, where present, composed of a paediatric endocrinologist, geneticist, paediatric surgeon or urologist, and paediatric psychologist. The timing of the disclosure of information to the patient is mostly adapted to the child's maturity and the social characteristics of the family. Information about the medical and surgical condition must be disclosed appropriately, to conform with the parents' intellectual and social status. The variables involved in the decision of sex assignment are determined by the culture, social characteristics and religious beliefs. Hence, the communication with families must be provided by a well-experienced person among those designated professionals.

DSD and gender assignment {#s0015}
=========================

DSD is classified as 46,XX (masculinisation of a female), 46,XY (undermasculinisation of a male), ovotesticular, 46,XX testicular (XX sex reversal), and 46,XY complete gonadal dysgenesis (XY sex reversal). Congenital adrenal hyperplasia (CAH) is the most common condition in newborns with DSD, accounting for 60--70% of all cases [@b0015]. Abnormal steroidogenesis starts early in foetal development and presents as virilised external genitalia at birth, varying from mild clitoral hypertrophy to variable degrees of labial fusion. Sometimes complete labial fusion, a phallic urethra, and external meatus at the tip of the penis can be found, and the baby might be raised as male ([Fig. 1](#f0005){ref-type="fig"}). An intact fertility potential is maintained in the presence of a uterus, Fallopian tubes and ovaries. As a rule, a biologically female infant with CAH is preferably constructed anatomically and functionally. Thus, gender assignment in female CAH should not be controversial when diagnosed early, and appropriate medical and surgical experience is available [@b0035]. A one-stage clitorovaginoplasty is the treatment of choice and can be completed in the neonate [@b0040]. However, clitoral atrophy, abnormal sensation in the clitoris, and prominent glans clitoris have been reported as disappointing results [@b0045; @b0050].

Later gender changes in patients with female CAH (f-CAH) can lead to profound disturbances in gender identification, but it might also lead to good acceptance of the female gender role in adulthood [@b0045; @b0055]. Thus, the decision of gender reassignment is usually difficult, and depends largely on the age of the patient and to what extent the gender identity has been established ([Fig. 2](#f0010){ref-type="fig"}).

The most common cause of 46,XY DSD with a female phenotype is complete androgen-insensitivity syndrome (CAIS), the diagnosis of which currently relies on molecular biology. It is often identified at puberty because of primary amenorrhoea associated with normal breast development and low or absent pubic and axillary hair. Its presentation can also be with bilateral inguinal hernias during childhood [@b0060]. These individuals are born appearing externally as female, and uniformly raised as females; they are generally satisfied with their female gender and sexual function [@b0065]. This might show the effect of androgen unresponsiveness of the brain, in addition to unambiguous female sex of rearing.

The association of the 46,XY karyotype with a female phenotype is not always synonymous with CAIS, as it can be due to several other factors, such as 17β-hydroxysteroid dehydrogenase-3 (17BHSD-3) and 5α-reductase (5-AR) deficiency. 17BHSD-3 deficiency is a rare, autosomal recessive cause of 46,XY DSD, but is frequently misdiagnosed as CAIS [@b0070]. A national cooperative study from the Netherlands showed that 67% of patients with 17BHSD-3 deficiency were misdiagnosed as having CAIS [@b0075]. 17BHSD-3 deficiency is usually rare, but is common in populations with a high intermarriage rate, such as in the Arab population of Gaza [@b0080; @b0085]. Patients with 17BHSD-3 deficiency can be unnoticed at birth and raised as female, as female external genitalia (with a blind-ending vagina) are common. A newborn or a young girl with remarkable clitoromegaly, with or without an inguinal hernia, should raise suspicion. At puberty, clitoromegaly, as penile size with chordee, primary amenorrhoea, virilisation, and increased body hair are the usual physical findings ([Fig. 3](#f0015){ref-type="fig"}). To delay the intervention is not always feasible in 17BHSD-3 deficiency. A child with this deficiency who is severely undervirilised and has assumed a female gender role and identity, when left without gonadectomy, can undergo virilisation throughout childhood, especially at the onset of puberty. Also, early removal of the testes is recommended, because of the high rate of germ-cell malignancy (28%) [@b0090]. However, with the help of testosterone treatment and corrective surgery, individuals raised as males can show satisfactory male development. Thus, the decision in either direction is still controversial, and there should be a prompt and accurate diagnosis with molecular genetic tests.

5-AR deficiency is another example of 46,XY DSD, in which patients are born with female-appearing external genitalia and raised as girls ([Fig. 4](#f0020){ref-type="fig"}). Pubertal virilisation occurs secondary to the increased production of other isoenzymes, allowing the conversion of testosterone to dihydrotestosterone. Exposure of the brain to testosterone *in utero* and postnatally appears to contribute substantially to the formation of male-gender identity, despite the effect of a female sex of rearing.

Cytochrome P450 oxidoreductase (POR) deficiency is another (recently discovered) new variant of CAH [@b0095]. POR deficiency can cause a DSD manifested as genital undervirilisation in 46,XY newborns, as well as overvirilisation in those who are 46,XX. The POR deficiency causes decreased production of androgens, resulting in severe male undervirilisation. Although challenging, appropriate surgical treatment should be used in patients with POR deficiency, allowing for the correct gender assignment ([Fig. 5](#f0025){ref-type="fig"}).

DSD and cultural and socio-economic effects {#s0020}
===========================================

Attitudes towards the sex of rearing in early and late-diagnosed patients with DSD in Eastern societies are different from those in Europe. In certain communities where the male has a dominant role in financial and social life, there are strong social pressures, influenced by cultural, traditional and economic factors. Where the man is the traditional breadwinner, having a dominant role in institutional and social life, and the woman is the housewife and mother, a parental preference for the male gender is as, if not more, important than the individual's sexual potential [@b0025; @b0100; @b0105; @b0110]. To care for parents or to inherit family property, a male offspring is the common preference in the Turkish population, which sometimes results in consanguineous marriages. The parental consanguinity rate among Turkish families of patients with CAH is higher than in the general population in Turkey (56% vs. 21%) [@b0115; @b0120]. Among patients with f-CAH who were considered to be male before the diagnosis, significantly many of them had to be assigned as 'male', because of the development of a male gender identity at diagnosis [@b0025; @b0120]. In our study, 49 of 70 patients with f-CAH were reared as female and 21 as 'male'. Only nine of these 'males' could be reassigned as females (mean age at presentation, 7.87 months). Twelve children had to be reared as 'male' (mean age at presentation, 55.8 months) in compliance with the parents' and the study group's decision, and appropriate masculinising reconstructive surgery was undertaken. The difference in the mean age of those reassigned as female and those who remained 'male' was significant (*P* \< 0.001). The parental consanguinity rate among the families was especially high in the 'male' patients, reflecting the influence of the extended family and social factors on the preference for a male gender. In children who were raised as 'male', the decision was strongly influenced by the fear of social stigmatisation.

Discussion {#s0025}
==========

DSD are congenital conditions in which the development of chromosomal, gonadal or anatomical sex is atypical or ambiguous [@b0090]. Depending on the geographical, religious and cultural background, one in 300--4500 infants is born with abnormalities of the external genitalia. In the newborn period, virilisation or over-virilisation of the external genitalia in girls, and under-virilisation in boys, presenting as micropenis, hypospadias and undescended testes, are the most common presentations. However, there are more complex situations in which the determination of rearing might not be possible. In such cases, gonadal structure and the anatomy of the internal genitalia should also be considered, and an appropriate laboratory delineation is required. These disorders are now classified into three major categories: sex chromosome DSD, 46,XX DSD and 46,XY DSD. The DSD abbreviation can also be defined as 'differences' in sexual development, rather than disorders, with wide variations of the sexual characteristics from 'statistically normal'.

The most characteristic differences in human behaviour are gender identity and sexual orientation, that are deeply affected by the external genital structure [@b0125]. Both issues are closely related to certain criteria of anatomical and psychosexual development; the external genitalia should look 'normal' in size and shape, with no question of abnormality, and the individual must receive appropriate social and environmental influences. The most characteristic gender difference of the human body remains the external genitalia. Variation of the external genitalia from 'the normal' is not always the result of established DSD conditions. Mutations, deletions of the genes on sex-determining areas of sex chromosomes, and on the autosomes, and enzyme deficiencies are the most common causes of DSD, showing differences among populations and locations. However, in about half of the cases of DSD the molecular genetic diagnosis is unknown and the diagnosis rests on clinical features.

Animal studies showed that the ultimate feature of sexual behaviour in humans is a function of circulating sex hormones, particularly androgens, during a critical period before or immediately after birth. Such studies also indicated that the effects of early hormone exposure are expressed as changes in the ventral nervous system at the structural and functional levels [@b0130].

Most multidisciplinary treatment teams for DSD currently recommend a male sex of rearing in under-androgenised 46,XY males with ambiguous genitalia due to 5-AR deficiency, and 17BHSD-3 deficiency or partial AIS, because there is growing evidence for increased gender dysphoria and gender change in these conditions [@b0050; @b0135]. More than 60% of 5-AR-deficient patients and half of 17BHSD-3-deficient patients assigned as females in infancy ultimately change their gender role at puberty, due to virilisation and associated problems [@b0140].

Gender identity also means being recognised as either male or female. Children with DSD are likely to have been the subject of medical and parental confusion about their typical sex (as male or female). The fear of the 'possibility of homosexuality' by the parents of children born with ambiguous genitalia is known as 'gender panic'. The development of gender-role behaviour (complementary self-image) is influenced by the effects of the sex hormonal milieu before and during birth in the sexual differentiation of the brain, and by environmental learning [@b0035; @b0145; @b0150]. Although there is a considerable overlap between gender identity and gender role, the latter includes the appropriate socialisation of a person, including dressing, playing and his/her occupation. Besides gender panic, social and religious concepts affect the decision-making process in gender assignment. This effect is reportedly more pronounced in the East and the Subcontinent [@b0155]. Various factors, including the age at diagnosis, surgery and the potential for intercourse, fertility and gender adjustment, and available psychological support, affect the gender assignment of a patient with DSD. This makes the appearance of a phallus (both in size and palpable corporal/erectile tissue) a guiding principle. Micropenis can occur as part of a major defect in DSD and the question of the sex for rearing might arise. Not only penile agenesis, but a small phallus can dictate a female gender assignment at some stage [@b0160; @b0165]. The 'potential for the phallus to function adequately in later sexual relations' and 'it is easier to construct a vagina than a satisfactory penis' are simplistic approaches. Furthermore, it is supposed that the organ that appears to be critical to psychosexual development and adaptation is not solely the external genitalia [@b0150]. The sexual dimorphism of the brain was first described in 1971 [@b0170]. However, the effects of the prenatal endocrine milieu on the development of sexually dimorphic human brain is a novel field of research, and is much more complicated than the physical-sexual differentiation of the external genitalia [@b0175; @b0180]. In children with DSD, androgen imprinting must also be considered for the sex assignment, if not limited by anatomy.

Transient evoked otoacoustic emissions (TEOAE) are low-intensity, acoustic energy (sounds) produced by the cochlea and recorded in the ear canal as a result of brief acoustic stimulation. It is supposed that gender differences in TEOAEs depend on the amount of androgen exposure. Hence, we have obtained TEOAEs from eight genotypic female patients with f-CAH (all reared as 'male'), six with mixed gonadal dysgenesis (MGD, four reared as male and two as female), and five with AIS (all reared as male). TEOAE levels from 20 healthy children were used as normal data. The patients' psychosocial and gender adaptation, self-image and intellectual level were assessed by a semi-structured interview and a questionnaire. It is shown that healthy female children had a significantly more sensitive (higher) mean (SD) TEOAE level than males. Highly virilised patients with f-CAH had significantly lower TEOAE levels than normal females, patients with AIS had higher TEOAE levels than normal males, patients with MGD had TEOAE levels between males and females ([Table 1](#t0005){ref-type="table"}). All patients showed a discordance between TEOAEs and the genotypic features. Two patients (one each with f-CAH and AIS) showed gender-role behaviour of the opposite gender. These findings strongly support the view that gender differences on the TEOAE test are androgen-dependent [@b0185]. Thus, TEOAEs might be useful in evaluating prenatal exposure to androgens and its possible masculinising effects on brain structures responsible for sexual orientation and sexual identity.

In recent years, DSD societies and support groups, mostly based in Western countries, have provided information about their experiences through the Internet [@b0050; @b0190; @b0195]. Specialised centres are becoming accessible through networks, supporting the collection of data, providing practical advice, and evidence for optimal clinical and psychosocial management. Undoubtedly this is the single most significant development for the understanding and management of DSD in the future. Without a sound reference point, the misgivings in diagnosis, small sample sizes of DSD, limited funding for rarer diseases, lack of experienced independent care-providers and researchers, will prevent high-quality services. Hence, the management of DSD is still in many ways empirical and influenced by the microcosm of local factors at play.
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![A 5-year-old patient with CAH (46,XX).](gr1){#f0005}
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![A 16-year-old patient with 17-BHSD-3 deficiency reared as a girl (before and after surgery).](gr3){#f0015}

![The external genital appearance of a patient with 5-AR deficiency.](gr4){#f0020}
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###### 

TEOAE results in children with DSD.

  Group (*n*)            Mean (SD) TEOAE level (dB)
  ---------------------- ----------------------------
  Controls (20)          
  Male, 46,XY            21.9 (5.35)
  Female, 46,XX          37.6 (6.87)
  *P*                    *⩽*0.001
  CAH, 46,XX (8)         21.2 (10.06)
  *P*                    \<0.001
  MGD, 45,XO/46,XY (6)   29.5 (7.76)
  CAIS, 46,XY (5)        36.1 (17.51)
  *P*                    \<0.001
